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ABSTRACT 

Alitoniatization  df  sateHite  detection  in  the  SPASIJR  system 
requires  a  means  of  discriminating  against  a  large  pdpuTation  of 
nonsatellite  responses.  Early  in  the  program^  a  Study  of  SPASUR 
automatic  gain  control  (age);  amplitude  responses  led  to  the  devel- 
ppmeiit  of  a  pattern  reedgnitions  system*  based  upon  the  inherent 
symmetry  of  a  typrical  signal  due  to  a  satellite  pass. 

This  report  describes  the  develop^^  r  e  e  d  gniti  o  n  system^ 
called-  the  Symmetry  Recdgnitidn  System  M.  The  technical  per- 
formahee  of  the  equipment  placed  in  operation  at  the  San  Diego 
Space  Surveillance  Station  (SPASIJRSTA)  in  November  1961  is 
presented.  During  a  ten-hoUr  period  on  November  6^  106  alerts 
were  generated,  of  which  20  were  satellites  which  were  GQrrectly 
•  called  symmetrical  and  39  were  nOnsatellites  which  were  rejected', 

j  Symmetry  responses  were  generated  dri  14  alerts,  some  of  which 

may  have  been  due  to  r  emdtej  unverified  satellite  passes.  No 
f  symmetry  response  was  giveh  to  33  verified  Satellites  i  Seveii  of 

j  these  passes  were  missed  due  to  age  pattern  distdftioh  by  the 

^  SPASUiR  Gdmb-fllter  switching  acttdni  Of  the  remaining  signals^ 

s  25  were  beiow  the  age  noise  level  and  could  hot  be  examihed  for 

i  symmetryj  and  one  low-level^  short  response  Was  missed  due  to 

j  rapid  signal  fluctuations. 

I 

;  It  is  concluded  that  reCeht  d  e  s  i  gh  adyahees  in  the  SPASUR 

i  system  have  mihiihized;  the  requiremeht  for  pattern  recog^tioh 

prOcessihg. 

■  PROBLEM  STATUS 

This  report  completes  this  phase  Of  the  problem.  Work  on 
other  phases  of  the  problem  continues. 
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SYMMETRY  PATTERN  RECOGNITION  SYSTEM  R 


BAClKHROUND 

Efforts  td  autdrnatize  the  rnahual  evalusttidh'  of  sighals  in  the  SPASUR  satellite  detec- 
tidh  system  require  a  means  of  distihguishing  between  valid  responses  ahdi  a  large  popu¬ 
lation  of  returns  due  to  meteors,  their  ionized  trails,  aircf aft^  arid  Other  ahdmalies  of  the 
atmdspherd  or  the  idiidspherej  whethdr  natural  or  artificMi  SPASUR  satellite -bouKee 
signals  are  presented  in  twd  forms:  a  set  df  phase  signals  representing  the  space  angle 
from  whiGh  a  satellite  signal  is  reGeived^  and:  automatic  gain  edntrdl  (age)  signals  prd- 
pdrtidnal  to  the  arnplitudes  of  the  signals  received  in  the  phase  measuring  systern^ 

The  phase  Ghannel  signals  are  each  GharaOterized  by  fanddm  noise  in  the  absence  of 
any  coherent  signal^  the  amplitude  of  which  reduces  to  essentially  a  dc  signal  value  during 
a  satellite  passage.  Since  space  angles  are  to  fee  autdmatically  computed  in  real  time 
from  these  dC  values,  suppiementary  means  are  necessary  to  validate  the  presence  of 
signals  of  interest.  The  quieting  of  the  phase  channels  is  one  means  which  cduid  be  used 
in  identifying  the  period  dr  event  when  the  space  angle  measurement  is  to  fee  acceptedi 
Further  eValuatidn  and  Gdnfirmatldn  is  necessary  before  this  event  can  be  labeled  as  due 
to  a  satellite^  with  a  high  degree  df  probability  (dr  with  an  acceptably  Idw  false^alarm 
rate).  Siftiultanedus  sighals  at  two  receiving  stations  are  a  reasonably  reliable  indication 
of  a  satellite  pass.  The  measui'ement  of  phase  and  the  rate  of  ehange  of  phase  can  be 
appMed  as  a  further  aid  in  the  recognltidh  of  satellite  retype  signals.  Information  on  fre¬ 
quency  shift  due  to  doppler  is  available  in  the  SPASIJR  alert  system  as  a  by^pf oduet  of 
the  Goinb-filter  dperatidni 

The  analysis  of  the  age  signal  offers  a  positive  Correlation  factor  in  the  identification . 
df  characteristics  associated  with  true  satellite  passes^  A  study  of  numerdus  verified 
satellite  age  signatures  reveals  a  symmetrical  edhtour  approximating  the  Cosine  squared 
pulse,  dr  sin  x/k  form.  Nphsatellite  signals  have  nonsinusoidal  patterns  in  most  instanGeSj 
thu$  offering  the  opportunity  for  discriminating  between  the  desired  and  undesired  signals. 
Some  of  the  possible  approaches  to  the  recognition  of  these  patterns  include  the  analysis 
of  the  signals’  harmbnic  contents,  the  normalizatidn  of  amplitude  and  duration^  and  tests 
for  symmetiy.  This  report  concerns  the  development  of  a  symmetry  recognition  system 
acting  upon  the  SPASUR  age  signal. 

Although  amplitude ^ys=^ time  recordings  of  age  signals  due  to  satellite  passes  are 
basically  symmetrical  pn  each  side  of  a  line  drawn  perpendicular  to  the  time  axis  through 
the  peak,  as  in  Fig.  i(a),  a  number  of  signal  variables  influence  the  design  of  a  system  to 
carry  out  automatic  recognition.  Perturbations  of  the  signal  will  bp  caused  by  rotation 
of  the  satellite,  modulating  the  reflected  signal  when  resonant  antenna  elements  or  specu^ 
lar  surfaces  cause  reinforcement  or  canGellatipn,  Faraday  rotation  effects  may  produce 
variations  in  the  polarization  plane.  These  factors  may  distort  the  satellite  signature  as 
in  Figs,  1(b)  and  (e).  In  Fig,  1(d),  reflections  from  meteor  trails  can  distort  the  symmetry 
of  a  satellite  echo^  although  such  occurrences  are  relatively  infrequent.  Reflections  from 
aircraft  over  the  transmitter  may  produce  signatures  haying  one  or  more  lobes,  each 
resembling  a  satellite  pass  as  in  Fig.  1(b),  but  normally  of  greater  duration,  A  symmetry 
recognition  system  should  be  able  to  acconimodate  these  responses  to  the  degree  that  a 
material  reduction  Can  be  effected  in  the  nonsateUite  signals  which  need  be  processed  by 
the  data  link  and  the  computer. 
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Figi  1  ^  TypieM  wideband  SPASUR  age  responses  to  satellite 
passes:  (a),  iliustfation  of  the  fact  that  all  reappiises  are 
basie^iy  symmetrie  arouhd  the  pe^  arnplitude;  (b)  represents 
ative  radiating,  satellite  sigh^;  (cj; distorted  age  sigii^  due  to 
overlapping  of  nearly  simMtaheous  satellite  passes;  and..(d) 
satellite  response  distorted  by  rneteor  re^ectipn 


Pattern  recG^itiph  is  one  methpdi  Gonsidef  ed  for  use  in  identifying  a  satellite  si^ai 
at  the  reGeiver.  Other  ftiothods  applicable  at  the  Gentral  processor  include  the  use  of  tri^ 
^giilation>  the  ineasureinent  of  ddppler  shift  and  sp^ce  ai^le,  and  the  correlation  wi\}x 
orbital  elements  of  knpwii  satellites.  Each  contributes  to  a  combihed  measure  of  probsibil 
ity  that  a  satellite  has  been  observed. 


SYMMEfRY  RECOGNITION  TECHNIQUE  CONSIDERATIONS 

In  order  to  measure  the  point -^tQi^point  pattern  syrnmetry  of  a  waveform,  a  means  of 
signal  stor^e  is  required.  Magnetic  recording  was  first  considered,  but  the  frequeiieies 
of  interest  may  be  as  low  as  Q.l  cps,  well  below  the  direct  ^recording  low-frequency  limit 
of  about  30  cps.  By  hsing  the  signal  to  frequency-modulate  a  suitable  carrier,  record¬ 
ings  can  be  made  from  dc  up  to  at  least  10  percent  of  the  carrier  frequeney,  A  more 
serious  problem  is  the  need  for  a  means  of  rapidly  and  repetitively  scanning  the  stored 
waveform  simultaneously  both  forward  and  backward  in  time,  starting  at  the  midpoint  of 
the  recording.  The  scanner  outputs  would  then  be  followed  by  the  symmetry  recognition 
circuitry.  This  would  require  eonsiderable  mechanical  deyeiopment  work  to  provide 
properly  synchronized  GQntrvotating  reproducer  heads.  Mechanical  wear  of  both  the 
tape  recording  media  and  the  recorder  scanning  mechanism  would  be  appreciable,  sinGe 
continuous  operation  is  necessary. 
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Ah  ^l-eiectrofiiG  system^  to  avdid  the  meGhanieM  problems  of  a  maghetiG  tape 
recorder^  is  feasible  im  either  the  digital  dr  aiialdg  fdrrhi  A  study  of  the  range  of  satellite 
response  signal  values  indicates  a  ndihinal  dur^idh  of  frdih  0;2  seediid  to  5  seGonds  ^d 
art  amplitude  range  represehtihg  40  db  df  agCi  Figure  2  represents  a  dharaGteristiG  satel¬ 
lite  response  stored^  in  a  lOO-elehieiK  delay  line.  A  praGtiGai  minimum  hUmber  of  discrete 
periods  to  be  examiiiedi  for  amplitude  symmetry  over  each  half  of  a  0i2^seG  signal  is 
apprd^mately  five.  By  extendihg  the  examlhatidn  period  to  about  two  seconds,  while 
retaining  this  same  Fesdlutidh^  both  the  shortest  and  a  significant  portion  of  the  longer 
signals  can  be  ihcluded  in  one  reGOgnitidn  system  which  stores  100  cdntigudus  0;02-sec 
quantizations  of  the  input. 


Me-  of  stored  ago 


100  DELAY  UNE  ELEMENTS 


Fig*  4  -  Ghar  act  eristic  satellite  resiponse 
stored  in  lOO-eiement  delay  line 


A  digital  system  to  accomplish  this  eould  be  arranged  as  in  Fig,  3.  An  analog-^to-?* 
digital  Gonyerter  (ABCON)  having  a  minimum  resolution  of  eight  binary  digital  bits,  and 
possibly  as  many  as  ten  bits,  provides  a  continuous  conversion  of  an  ^c  channel.  The 
eight  APCON  bits  are  connected  to  a  magnetle  drum,  or  an  electronicajdy  rotating  store, 
by  way  of  a  like  number  of  gates  which  are  controlled  by  a  programmeri  The  store  wovdd 
contain  minimum  of  100  eight^bit  words  and  would  be  caused  to  rotate  with  respect  to 
the  readin/readput  point  at  a  rate  of  50  rps  as  determined  by  the  clppk ^driven  programmer. 
Under  these  conditions,  the  clock  rate  would  be  5  kc,  Extending  the  stor^e  to  10  seconds 
and  doubling  the  time  resolution  to  0.01  second  would  increase  the  store  to  1000  words 
and  the  clock  rate  to  10  kc,  Requiring  the  store  to  rotate  once  for  each  new  word  inserted 
permits  the  insertion  point  to  be  arbitrarily  located,  The  programmer  then  times  the 
insertion  of  each  new  word  into  the  store  so  that  at  the  ‘-read"  output  the  eveu-numbered 
sequence  of  words  will  be  sc^mned  “forward”  or  “clockwise”  in  time,  while  the  pdd  sequence 
is  scanned  “backward”  or  •Counterclockwise,”  Upon  readout,  suceessiye  pairs  of  words 
are  subtracted  digitally,  and  toe  magnitude*  of  the  remainder  represents  the  degree  of 
asymmetoy.  At  tois  point,  a  simple  threshold  decision  based  upon  the  absence  of  any  binary 
digit  greater  to£ui  some  predetor mined  ysdue  2^,  where  0  >  k  >  n  would  give  a  measure  of 
the  symmetry.  This  operation  is  continued,,  examining  every  word  pair  in  the  store  for 
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Fig.  3  -  SyrniTifetry  iLeepgiiiti6» 

System,  digital  methPd 


^very  Gomplete  stPre  rotation.  A  counter,  a^aLhcing  once  for  each  positive  Ind^ 
symnaetry^  provides  an  integrated  ineaBure  of  the  degree  of  symmetry  oyer  the  entire 
sckii  (ene  retatidri  of  the  store)i  at  the  end  of  which  the  accumulated  count  is  read  out  and 
the  counter  is  reset  to  zero. 

Ah  analog  system^  based  upon  the  block  diagram  in  Fig.  4,  was  chosen  for  develop¬ 
ment.  The  pfOeessing  steps  ^e  quite  similar  to  those  shown  in  Fig^  3,  with  the  electroh- 
ica^y  rotating  digits  store  being  replaced  by  a  delay  line  capable  of  storing  a  real-time 
advwcing  series  of  dc  ^alOg  signal  values,  #1  of  which  Gontihuously  available  for 
repetitive  scahhing.  Many  factors,  such  as  the  cost  atid  procuremeht  time  required  for 
an  electronica]ly  rotating  digital  store,  the  ay^lability  of  analog  storage  and  gating  desi^s^ 
and  the  flekibility,  resolution,  and  ecohomy  of  analog  funGtion^formihg  techniques,  dictated 
the  choice  of  analog  methods  for  the  developmerital  model,  ^ee  such  factors  as  the  opti^ 
mum  length  and  resolution  of  a  delay  line,  the  character  of  the  sign^  processing,  tod  the 
nature  of  the  threshold  controls  have  been  established  through  esfended  in-service  expe^^i- 
enee,  a  corresponding  digital  system  specification  could  be  prepared.  Where  the  number 
of  toalog  stores  (equivalent  to  words  in  the  digital  system)  exceeds  100  by  an  appreciable 
amount,  the  virtuaJly  linear  increase  in  costs  tod  size  of  the  analog  system  begin  to  sur^ 
pass  the  nipre  nearly  fixed  costs  of  the  digital  ADCON,  rotating  store,  and  programmer. 

Whether  analog  or  digital  methods  are  chosen,  severe  ocGurrences  not  associated 
with  a  satellite  pass  may  conti- ibute  to  a  level  of  symmetry  indication  which  would  idso  be 
present  with  the  transit  of  a  true  satellite.  The  normal  background  level  in  the  delay  line 
is  symmetrical  since  it  approximates  a  straight  line  at  every  time  interval,  but  the 
response  to  this  condition  is  suppressed  by  an  intetoal  scanner  threshold  and  also  by  the 
SPASUR  comb-filter  system  threshold  gate  which  permits  an  alert  pulse  to  be  generated 
only  when  the  age  signal  r-to -noise  ratio  exceeds  13  db.  Calibrate  signals  are  regularly 
introduced  into  the  rf  portion  of  the  SPASUR  system.  These  are  detected  as  square  waves 
which  are  symmetrical,  but  since  they  are  predictable,  a  response  to  these  eyents  can  be 
inhibited,  Step-function  shifts  in  the  dc  level  of  the  lines  c-an  occur  with  manual  sys¬ 
tem  adjustments,  or  variables  in  the  performance  of  the  electronics.  Level-correcting 
techniques  are  incorporated  to  normalize  the  age  signals  against  most  anomalies  which 
may  be  eneountered.  The  remaining  nonsatellite  signals  which  occasionally  show  sym-^ 
metry  are  lightning  discharges,  overdense  meteor  trails,  and  responses  from  the  moon, 
sun,  tod  radio  stars. 
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Fig,  4  -  Symmetry  Reepgnitibn 
System^  analog  method 


Time  ^eshelds  are  useful  iii  redUGihg  the  humher  Pf  responses  to  honsatellite 
sourGes,  Requiring  the  SP^IJR  Alert  signal  fo  persist  for  0.2  secohd  before  en^ling 
the  symmetry  threshold  output  to  transmit  a  reGOghition  ptilBe  permits  the  exclusion  Of 
shorter  meteor  random^noise  symmetry  responses  without  losing  sateMte  respohses> 
since  satellite  signals  normally  exceed  this  lower  limits 


ANALOG  TECHNtQtJE  APPHOACH 

Based  iargely  upon  the  SGaiining  and  storage  techniques  described  in  Ref*  the 
Symmetry  Recognition  System  configuration  shown  in  Fig,  5  was  proposed.  The  SPASUR 
^ert  age,  which  is  derived  from  the  comb^fiiter  channels,  is  chOseh  in  preference  to  tiie: 
age  of  the  phase  ch^nel  gated  by  the  alert  sign^^  since  the  former  should  always  contain 
more  Qf  the  rise  and  fall  times  of  the  signal,  especially  the  critical  short^duration  sig^ 
nals  in  the  vicinity  of  6.2  second.  Early  samples  of  the  ph^e  channel  age  showed  coh*^ 
sider^le  amplitude  distortion  due  to  ^e  rapid  random  switching  action  of  the  conib  filter. 
This  signal  is  fed  to  the  poles  of  ioo  mercui^ ^wetted  contact  relays,  chosen  because  of 
their  2^ ms  operating  speed  and  their  excellent  contact  reliability  under  "df y ^circuit- 
Gonditions.  Each  relay  output  contact  is  connected  to  a  low^loss  0.1 -mfd  stor^e  capaci-^ 
tor  so  ^at  when  the  relay  is  pulsed,  the  capacitor  will  be  charged  to  the  value  of  the  age 
appearing  on  the  pole  at  that  instant,  By  sequentially  pulsing  each  relay  at  2Q^ms  inter¬ 
vals,  a  2-sec  record  of  Uie  signal  is  stored  as  100  quantized  levels.  The  potential  at  each 
capacitor  is  measured  by  a  low -grid -current  cathode  fpllGwer,  permitting  each  of  the 
c^acitprs  to  be  measured  without  disturbing  the  stored  values.  During  the  capacitor 
charging  period^  the  associated  cathode  follower  is  included  within  the  feedback  loop  of 
the  insertion  driver  amplifier  in  order  to  correct  for  its  bias  and  gain  errors. 

Electronic  switches  are  programmed  tp  sample  pairs  of  cathode  followers,  beginning 
each  cycle  with  those  followers  connected  to  capacitors  49  and  50,  Capacitor  number  1 
represents  the  capacitor  storing  the  most  recent  age  value,  and  number  100  represents 
the  value  two  seconds  into  the  past.  After  200  microseconds,  capacitors  49  and  50  are 
switched  off  ^d  the  next  pair,  48  and  51,  are  activated  for  a  like  period^  Continuing  in 
this  manner  for  50  operations  over  a  10-ms  period  brings  the  two  scanners  to  the  outputs 
of  numbers  1  and  lOQ,  respectively^  thus  completing  one  scan  of  the  stored  signal.  The 
outputs  of  these  two  gates  become  inputs  to  a  comparator,  which  will  give  a  stand^dized 
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Fig.  5  -  Symmetry  Recognition  System  fl  block  diagram 
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output  when  the  input  voltages  are  within  t5  percent  of  eaoh  others  ©uring  this  scaii 
periodj  each  of  the  two  Inputs  must  exceed  an  adjustable  minimum  threshold'  in  Order  to 
allow  the  comparator  to  operator  M  the  Gomparator  output  there  is  a  series  of  pulses 
for  each  iO-ms  period*  only  when  a  symnietriGal  signal  exceeding  the  scanner  thresholds 
is  located  with  its  axis  of  symmetry  at  the  cefiter  of  the  delay  linei  These  pulses^  when 
averagedj  represent  a  time-varyii^  measure  Of  the  degree  of  symmetry ^ 

A  threshold'  applied  to  Hie  Goiftparatof  Output  can  fee  made  to  operate  at  a  predeter¬ 
mined  level  of  symmetry  for  ail  signals.  It  is  evident  that  with  a  typical  satellite  signal 
the  measure  Of  symmetry  would  pass  through  a  sharp  maximum  Since  the  axis  Of  symmetry 
Goincidfes  with  the  center  of  the  delay  line.  This  suggests  that  the  center  of  the  Signal  can 
be  acGurately  deter mineds  fey  differentiation^  thereby  def inii^  the  point  where  the  slope  of 
the  signal  waveform  reverses  sign.  The  “slope  reversal^  will  always  occur  1  second 
(oneThaif  of  the  length  of  the  delay  line)  after  its  occurrence  in  realtime  regardless  Of 
the  iength  of  the  signal^  even  if  it  extends  out  to  10  seconds^  When  the  decision  threshold 
is  applied’  to  the  slope-reversai  output  instead  of  the  undifferentiated’  comparator  Output^ 
a  further  benefit  is  possible  sinGe  some  nonsatellite  signals  may  possess  considerabie 
symmetry  but  will  not  follow  the  rapid  slope-reversai  Charactefistic  of  all  satellite 
responses^ 

The  symmetry  decision  is  rendered  as  a  normalized  pulse  or  contact  Closure  for  a 
nominal  period  Of  150  milliseconds. 


SYSTEM  DESIGN 

The  completed  Symmetry  Recognition  System  ll  was  asseinbled  in  One  standard  rack 
cabinet,  as  shown  in  Fig*  5(a).  At  the  top  of  the  eafeinet  are  located  the  three  vacuum- 
tube  power  supplies  providing  +150  voits,  +100  volts,  and  ^150  volts*  Ne^,  the  monitor 
oscilloscope  and  its  input  Control  panel  feelow  provide  rapid  access  to  the  primary  wave¬ 
forms  to  facilitate  cheohing  adjustments  and  other  operating  conditions.  The  delay  line 
control  chassis  Carries  the  amplifiers,  multivibrators,  and  logic  for  the  insertion  and 
readout  of  Signals  stored  in  the  delay  line.  It  is  followed  fey  the  process  control  chassis 
Containing  the  input  dc  level  corrector,  event  detector,  and  symmetry  measuring  and 
deeision  cirGuits.  The  next  five  chassis  contain  the  Beam-X  (BX)  magnetie  beam  counters 
and  the  scanner  diode  matrix  which  time  all  readm-readout  functigns  ^sociated  with  the 
operation  of  the  delay  line.  The  large  chassis  at  the  Attorn  contains  the  signal  insertion 
relays  and  their  associated  driver  logic,  the  capaGitora  constituting  the  delay  line  stores, 
and  the  associated  readout  cathode  followers.  A  rear  view  of  this  cabinet  is  shown  in 
Fig,  6(b),  where  the  preamplifier  and  the  relay  drive  logic  matrix  are  located  along  with 
the  remaining  power  supplies. 

Figure  7  shows  some  of  the  construction  techniques  employed  in  the  Symmetry 
Recognition  System  R,  Typical  of  the  process  and  delay  line  control  chassis  is  the  “card^ 
mounting  shown  in  detail  in  Fig,  7(a),  Each  circuit  is  mounted  on  a  prepunched  terminal 
board,  which  in  turn  is  supported  on  an  aluminum  plate.  Active  heat-producing  transistors 
and  vacuum  tubes  are  fastened  directly  to  the  plate,  which  serves  as  a  heat  sink  and  affords 
shielding  when  mounted  adjacent  to  other  similar  circuitry.  Folded  tabs  on  each  end  of 
the  plate  support  a  cpnneetor  plug  and  provide  a  withdrawal  handle.  Thirteen  assembled 
plates  or  cards  can  he  inserted  in  a  3 -1/2 -in.  standard  rack  width  chassis  containing 
matching  slide-in  channels.  The  chassis  provides  ejecteicai  and  thermal  paths  for  shield¬ 
ing  and  heat  removal.  Adequate  space  is  availufele  for  components  and  wiring  external  to 
the  circuit  cards.  Figure  7(b)  shows  two  examples  of  sufeminiature  vacuum  tube  circuits, 
while  Fig.  7(c)  demonstrates  the  application  of  Nuvistor  triodes  and  a  Nuylstor  tetrode  to 
high-gain  dc  amplifier  Gircuita,  Mercury-wetted  relays  have  also  been  card-mounted  iu 
two  forms,  shown  in  Fig.  7(d), 
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The  completion'  of  the  pattern  recognition  equipments  Was  scheduled'  for  about  the  time 
of  the  SPASUR  Gomb-filter  System  installation^  thereby  alfordthg  no  opportunity  to  (Observe 
the  range  of  signal  Gharacteristics  of  the  latter  during  the  deslgiit  period:  Of  the  former^ 

A  re  view  of  the  SPASUR  Oomb^f  titer  design  showedi  it  to  be  composed  of  eleven  narrow - 
band:  inter  mediate  ^frequeney  amplifiers,  eaoh  driving  a  group  of  narrowef  bandwidth  con- 
tiguous  filters.  A  total  of  161  filters  of  this  type  divide  the  16-fcc  bandwidth  Of  each  base- 
line  receiving  system  into  slots  only  100  cps  Wide  prior  to  detection.  Mthough  each  slot  or 
Comb  "tooth^  is  followed  by  a  detector  and  further  postdetection  filtering,  the  development 
of  l6l  age  networks  was  considfered  unneGessary.  AccOrdlnglyj  age  was  developed  and 
applied  in  each  of  the  eleven  preceding  group  i-f  amplifiers.  Each  of  the  eleven  age’s  thus 
developed:  cont-rol  the  signal  level  for  seven  to  swdieen  filter  "teethe*’ 

As  a  result  Of  this  review^  it  was  agreed:  that  eleven  emitter  ^followers  Would  be 
Installed  by  the  GontraGtor  to  provide  group-age  outputs  lor  pattern  reGognition.  The  sigr 
nal  levels  wouldi  be  about  voit  maximum  ridihg  on  a  ^4.0  volt  bias.  Signal -to-noise 
ratio  computations  indicatedi  the  group  age  $ighai  Wouid>  be  12  to  13  db  poorer  than  the 
corresponding  individual  comb  tooth  at  the  Output  of  its  postdetection  lO-cps  filter^  In 
spite  of  this  pessimistic  outtook,  some  hope  was  held  in  the  fact  that  the  Gomb-filter  Sys¬ 
tem  was  to  be  set  to  r  espond'  with  an  Mert  signal  Only  When  the  signal -to  ^nOise  r  atio 
exceeded  12  db. 

A  group  age  selector  Shown  in  Fig,  %  Was  designed:  to  select  a  single  age  ouh?ut  when 
it  rose  above  the  common  threshold  ieVels  Of  its  heighbprs^  The  signal  first  must  be 
amplified!  by  a  faetor  pf  10  and  then  biased  so  as  10  fee  referenced  to  ground  in  order  to 
meet  the  level  requirements  Of  the  patter n  f  eGognitiOn  inputs.  It  was  determined  that 
6^v  gatit^  pulseSi  designating  the  narrowband  filter  group  responsible  for  an  alert  pulse, 
were  to  be  available  from  the  Automatic  Digital  Pata  Assembler  System  (AppAS),  1^0^ 
Visions  were  included  to  allow  one  of  eleven  such  pulses  to  gate  a  single  amplifier^ 
thus  exciuding  any  Of  the  noise  cpntribUtiQhs  from  the  other  ten  age’s.  If  these  gating 
pulses  are  not  available,  the  diodie  Summing  network  inGluded  in  the  group  age  seleGtor 
will  always  select  the  largest  amplitude  signal. 

The  heed  for  loW-drift^rate,  dc,  operation^  amplifiers  led  to  the  choiee  of  Philbrick 
P-2  solid-state  amplifiers,  which  are  Chopper  •^stabilized.  An  oulput  amplifier  provides 
a  low-impedanee  source  and!  may  be  cGiinected  for  either  signal  polarity.  Controls  include 
individual  group  gain  and  bias  settings  as  well  as  selected  output  gain  and  bias  a(^ustments. 


INPUT  AND  DELAY  LINE 
Pelay  Line  Switehing 

The  control  of  the  delay  line  proper  is  aGcomplished  by  four  decade  cpunters,  labeled 
BX-1  through  BX^4,  which  are  driyen  by  a  S-ke  clock,  l^ese  counters  drive  the  signal 
inserting  relays  through  a  set  of  transistor  puffers  and  a  diode  logic  network,  as  shown 
functionally  in  Fig,  5,  The  block  diagram  of  the  delay  line  control  counters  is  shown  in 
Fig.  9.  Each  BX  counter  is  driven  by  a  flip-flop,  wMch  in  turn  is  driven  by  the  preceding 
decade  counter,  or  by  the  clock  (Fig,  10)  in  the  case  of  BX^-l,  BX-1,  BX-2,  BX-3,  and 
BX-4  are  the  basic  delay  line  control  counters.  BX^l  and  BX-^2  divide  the  clock  pulse 
repetition  rate  by  100  in  order  to  provide  the  pulse  rate  tp  BX-3  and  BX-4,  which  control 
the  switching  of  the  signal  into  the  delay  line.  If  the  unit  was  to  be  a  delay  line  without  a 
scanning  function  between  signal  insertions,  BX-1  and  BX-2  would  not  be  required^  and 
the  clock  could  be  run  at  50  pps.  Since  the  delay  line  is  scanned  once  in  both  directions 
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Fig.  8  Group  age  seieetdr  block  diagrant 


during  each  insertion  tiihe  ineremeht^  BX^5  Md  BX-6,  and  BX-7  aiid  BX-^S  are  required 
to  perform  the  sGahning  switching  fuhetidn.  Because  each  stdr^e  element  holds  the  sig-^ 
liai  sample  for  the  full  time  of  the  delay  (2  seGOhds)^  the  starting  point  of  the  scanners 
must  be  rotated  at  the  same  fate  as  the  point  of  sign#  insertion.  This  i$  acGompiished 
by  removing  one  pulse  from  each  100  to  the  BX-^5  and  BX-6  counters  and  by  adding  oiie 
pulse  to  each  100  to  the  BX-7  and  BX-8  counters  (see  Figs.  9  and  11).  This  -has  the  effect 
of  causing  the  starting  point  for  the  scanner  counters  to  advance  "clockwise^  with  respect 
to  the  delay  stores  one  step  for  each  signal  insertion  period  of  20  mUlisecond.  The  inhibit*^ 
ing  of  one  pulse  for  each  scan  by  BX^5  and  BX-^6  is  accomplished  by  setting  the  inhibit 
flip-flop  witii  a  p#se  from  amplifier  Tj  -  T^  (the  supersefipt  gives  the  BX  number  and  the 
subscript  gives  the  target  number  on  that  BX  counter).  The  flip-flop  inhibits  each  lOOfli 
pulse  from  the  clock  to  BX-5  and  BX-6,  The  delayed  pulse  Tj  resets  the  flip-flop  in  order 
to  release  the  inhibit.  The  delayed  T9  pulse  is  gated  thfough  to  BX-7.  This  pulse,  which 
is  delayed  for  a  period  of  10  fis  so  that  the  counter  will  properly  count  the  eMfa  P#3e, 
causes  BX^7  to  receive  one  extra  count  per  scan.  The  net  effect  is  that  when  the  BX-5 
and  BX>^6  counters  are  logically  connected  to  scan  backwsu^ds  through  the  delay  line  stores, 
and  BX-7  and  BX-8  are  logically  connected  to  scan  forward  through  the  delay  line  stores, 
thei^  starting  point  advances  forward  through  the  stores  one  step  each  scan.  Details  on 
this  sequencing  and  the  scanner  logic  are  given  in  the  section  "Inhibit  and/or  Insertion 
Waveforms.* 


Decade  Counters 

The  wiring  schematic  of  one  of  the  eight  counters  is  shown  in  Fig.  12.  The  decade 
counter  tube  VI  is  a  magnetic  beam  switching  tube  of  the  BX^IOOO  (6710)  feq>e  (see  Bur¬ 
roughs  Beam-X  brochures  BX-535  and  535A),  The  counter  is  made  to  advance  by  trigger¬ 
ing  the  flip-flop  consisting  of  tubes  V2  and  V3.  The  plates  of  the  flip-flop,  are  coupled  to 
the  BX-1000  even  and  odd  grids  through  cr  differentiating  networks,  thus  causing  these 
BX-lOQO  grids  to  be  driven  alternately  by  negative  pulses.  When  a  particular  target  is 
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Gonductingj  say  and  the  even  grids  are  driven  hy  the  negative  pulse  from  the  ffltip-IIopi 
To  is  cut  oif  and then  GOnducts  *  Wheh  the  odd  grids  are  then  driveri  by  a  heg^ivS 
pulse,  Tj  Guts  Off  ahdi  Tj  GonduetSr  This  process  continues  as  long  as  the  liip>-flop  is 
triggered.  When  Tg  Guts  off j  Tq  conducts  and'  the  switching  tube  repeats  the  cycie*  In  the 
case  of  operation  with  the  delay  linej  methods  of  aucomaticaily  starting  and  resetting  the 
magnetic  bearrt  sMtching  tubes  are  necessaTys  The  magnetic  beam  switching  tube  con¬ 
duction  has  to  be  started  by  lowering  the  voltage  on  the  spade  voltage  associated  with  the 
seiected  starting  targeti  In  this  case^  the  selected  target  is  the  zero  target.  The 
starting  feature  is  accomplishedi  by  V5  in  Fig.  12«  When  the  power  is  applied  to  the 
BX^IOOO:^  no  target  is  conducting^  allowing  the  cathode  of  V5  to  be  at  a  low  potential'^  V5 
conducts  and  causes  the  zero  spade  (S  g)  voltage  to  be  lowered^  causing  the  zero  target 
(Tq,)  to  conduct.  When  the  target  starts  cOnduGtingj  the  cathode  of  V5  is  raised  and  V5  is 
cut  off.  A  lead  from  the  plate  Of  V5  also  couples  to  the  driving  flip-^flop  such  that  the 
flip-flop  is  set  to  the  correct  condition  for  causing  the  BX‘^1000  to  advance  when  the  ne^ 
input  pulse  is  applied  to  the  flip-fippi  The  tube  V4  is  used  for  resetting  the  counters  andi 
for  maintaining  the  synchronization  of  the  Scanner  counters  BX^5,  BX-6j,  BX-7j  andi  BX-B^ 
Reset  is  accomplished  by  cutting  V4  off  with  the  reset  pulse  from  BX^4  through  the  Cor-^ 
responding  delay  MV  (FigSi  9  and  11).  When  V4  cuts  off^  the  BX^IOOO  is  Cut  off.  The 
action  of  V5|  describedi  above^  restarts  the  counter  at  the  GorreCt  position.  In  this  manner, 
the  scanners  are  resynchronized  each  2  seconds,  and  the  system  automatic^ly  starts 
itself  when  the  power  is  turned  pn« 


Piiise  Amplifiers 

The  wiring  schematics  of  the  pulse  amplifiers  in  Figi  9  are  shown  in  Figi  13.  The 
tubes  are  normally  cut  Off,  and  the  oUtplit  is  an  amplified  pulse  formed  from  the  iogic  net^ 
work  at  each  input  to  Ihe  pulse  amplifiers.  In  each  case,  the  output  pulse  GOrrespOndS  te 
the  ihstaht  when  a  counter  target  is  going  from  the  COhducting  State  to  the  ttOhconducting 
state.  For  example,  the  Tf  pulse  occurs  when  target  9  Of  BX-2  Guts  Off  ^  The  control 
puises  from  the  Other  three  pulse  amplifiers  are  formed  by  the  logiG  network  gating  One 
target  signal  from  the  unit  counter  (the  higher  speed  counter)  by  another  sign^  from  the 
ten  counter  (see  Fig.  9).  For  e^mpie,  the  99/101  Gpunt  per  scan  pulse  is  formed  from  the 
cutting  off  of  target  8  on  BX^l  (T  |)  after  being  gated  by  target  9  on  BX-2  (Ti).  This  cor ^ 
responds  to  the  e;^ra  pulse  positibn  in  the  delay  line  scanners.  The  other  control  puflses 
are  formed  in  a  similar  manner. 


Diode  Logic  Matrix  and  Input  Buffers 

The  diode  logic  network  and  the  transistor  input  bttff ers  for  analog  signal  insertion 
into  the  delay  line  are  Shown  in  Fig.  14.  The  buffers  are  NPN  transistors  whose  bases 
are  connected  to  the  BX  counter  targets  through  47  resistors.  Ctoly  one  target  on  each 
counter  is  conducting,  and  the  transistors  connected  to  these  conducting  targets  are  cut 
off.  The  transistor  Collectors  drive  the  diode  logic  network,  which  is  set  up  in  the  form 
of  a  matrix.  As  the  BX-3  and  BX-4  counters  advance  through  their  count,  the  buffers  are 
connected  to  the  diode  matrix  such  that  the  outputs  qf  the  matrix  adyance  sequentially  00 
through  99,  as  shown  in  Fig.  14.  The  outputs  of  the  matr^  are  normally  low  (approxi^ 
mately  -6.8  vpits)  except  at  one  point  which  corresponds  to  the  logical  -and-  of  the  non^ 
conducting  buffers.  This  point  is  high  (approxirnately  zero  volts)  add  drives  the  transistor 
(Dj),  which  energizes  the  selected  delay  line  relay  driver  transistor  (Rij ).,  as  shown  in 
Fig,  15.  When  the  ^ansistor  (Ri*)  conducts,  the  corresponding  relay  is  energized.  Ail 
of  the  relay  drive  transistor  emitters  are  connected  to  a  conunon  line  which  in  turn  con¬ 
nects  to  ground  through  an  inhibit  transistor  (Inh‘-r),  which  is  normally  conducting.  This 
transistor^s  base  is  driyen  by  the  inserting  transistor  (lnh^2)  such  that  Inh-,1  cuts  off  ail 
the  relay  drive  transistors  for  2  milliseconds  after  a  step  adyance  in  the  delay  line  control. 
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This  contf oi  piitee  eofhes  from  the  insertion  delay  WVy  which  is  described^  later.  The 
purpose  of  the  2-ms  inhibit  phh-2:)'  of  the  relays  is  to  insure  the  Op^hing  of  the  mercury- 
wetted  relay  contacts  before  the  next  relay  in  the  control  se^ehce  is  energized.  This 
prevents  shorting  between  storage  capaeitOrs  diirihg  the  tf  ansltioh  period  when  the  delay 
iine  advances  one  step^  in  the  actual  GonstiructiOhj  four  double-pole  relays  were  mounted 
Oil  One  cardy  as  indicated^  in  Fig.  IS  and  the  lower  unit  iii  Fig.  7^(d).  The  storage  cathode- 
Mtewers  were  also  mounted  four  to  a  unitj  as  shown  in  the  wiring  sOhematiG  in  Figi  i6 
and  at  the  top  in  Fig.  7'(b)'i  The  storage  cathode -followers  use  6111  tubes  at  the  input  and 
are  operated  at  One-half  heater  voltage.  The  input  section  of  each  cathode  follower  is  then 
bootstrappedi  through  the  inter eonnec ting  NE  -68  A  neon  bulbs  ffom>  the  output  cathode  fol- 
iower  in  order  to  keep  the  input  section  in  the  very  low  grid  Curreht  region  of  operation  (2). 
The  grid  Gurf eat  of  these  readout  cathode  followers  is  less  than  10'^^  amperes  and^  con> 
sequently^  have  uegligible  effect  on  the  accuracy  of  the  stored  value  during  the  2 -sec 
storage  periods 
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The  input  Gircutts  to  the  delay  line  and'  the  delay  line  circuits  are  shown  in  Figi  5^ 

The  normal  age  signal  is  amplified^  and  the  input  drifts  are  removed  by  the  de  level  cor^ 
rector  aiid  stabilized  dc  amplilier.  The  drift  corrector  uses  two  low-noise  solid-state 
Philbrlck  type  P-2;  opWUtiOhal  ampiifierSj  as  shown  in  Fig^  17^  Additional  gain  is  pro¬ 
vided  by  two  Cascaded  dc  anlplMiers  which  are  chopper  stabilized^  a$  shown  in  Fig.  18. 
Figure  18(a)  shows  the  interGOhneGtiohs  between  the  dual  dc  amplifier  unit  and  the  dual 
ac  amplifier  unit  which  COhhect  the  two  units  to  the  stabilized  dC  amplifier  section  shown 
in  Fig.  5;.  The  unit  shown  in  Fig.  18tb)  consists  Of  a  dual  dc  amplifier  uMt^  and  a  dual  aC 
amplifier  unit  is  shown  in  Fig.  18(C)v  The  output  of  the  stabilized  amplifier  provides  the 
input  to  the  insertion  driver. 

The  ihsef  tlon  driver  interGohnections  with  the  delay  line  stores  are  shown  in  Fig.  10. 
The  delay  line  relay  contacts  at  the  inputs  of  the  storage  capacitors  and  the  outputs  of 
cathode  followers  are  Gontrojled  by  the  delay  line  counters  1  thf Ough  4^  as  e^lained  under 
Delay  Line  Switching.  The  insertibn  delay  relay  Contacts  in  Unit  No^  1  in  Fig^  19  operate 
each  time  one  of  the  delay  line  store  relays  Operate.  The  insertion  delay  relay  contacts 
are  timed  to  close  alter  the  seleGied  store  relay  contacts  ciose  and  to  open  before  the 
store  relay  contacts  open.  Thus,  in  the  period  during  which  the  insertion  delay  contacts 
and  the  selected  store  contacts  are  closed^  the  stbrage  Gapacitor  is  charged  to  a  voltage 
such  that  the  output  of  the  readout  cathode  follower  ib  made  equ^  to  the  input  signal  to 
the  insertion  driver.  Because  the  delay  line  is  2  seconds  in  length  and  consists  of  100 
sections,  the  cycle  time  for  each  store  is  20  rnilliseGonds.  Because  of  the  operating  times 
of  the  relays,  the  insertiQn  delay  relay  contacts  are  closed  approiximately  6  to  12  milli¬ 
seconds  during  the  middle  portion  of  the  20^ms  period.  This  insures  no  eontact  overlap 
due  to  relay  operate  time  and=  the  contact  bridging  common  to  the  mercu/ry-wetted  contacts 
used  in  the  relays.  Appendix  A  gives  the  analysis  of  how  the  various  offset  voltages  and 
gain  errors  of  the  cathode  followers  are  corrected  in  the  actual  signal  insertion  process. 

The  insertion  driver  unit  eircuit  is  shown  in  Fig,  20.  A  single -pole  double -throw 
switch  is  provided  fpr  accepting  either  a  positive  or  a  negative  signal.  The  two  inputs 
are  attenuated  such  that  the  final  inserted  signal  magnitude  is  the  same  regardless  of  the 
input  polarity  chosen.  A  zero  adjustment  is  proyided  at  the  negative  input.  A  positive 
feedback  potentiometer  0  is  provided'  so  that  the  open  loop  gain  of  the  overall  amplilier 
eau  be  made  large  (greater  than  5000).  The  negative  feedback  loop  includes  two  IQOK 
resistors  and^  external  to  points  5  and  8  on  Fig,  20,  the  selected  relay,  capacitor,  and 
cathode  follower.  The  junction  of  the  two  lOOK  resistors  eonnec ts  to  the  insertion  driver 
output  through  two  avalanche  diodes  (1N714)  connected  back-to-back.  These  diodes  pre¬ 
vent  the  amplifier  from*  saturating  during  the  switching  transition  period.  (The  principle 
of  operation  of  the  insertion  driver  is  given  in  Appendix  A.)  The  circuit  which  provides 
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Fig,  17  «  Selected  group  age  preamplifier  and  drift  correetpr 
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the  timing  for  controlllhg  the  insertion  delay  relay  is  shown  in  Figi  2ij  and'  the  insertion 
delay  relay  eircudt  is  shown  in  Figi  22.  lii  Figi  21,  the  inhibit  multivibrator  (MVi/)  is 
driven  by  the  output  (T|)  of  the  BX-2  counter.  MVl  provides  a  2^ms  pulse  (Inh-2)  which 
inhibits  the  energising  of  all  of  the  delay  line  store  relays  (FigSi  15  arid  19).  This  allows 
all  of  the  relay  eontacts  to  open  before  the  next  delay  tine  store  is  Gonnected  to  the  inser¬ 
tion  driver*  lilVl  theii  drives  MY2  which  provides  a  2^nis  delay,  thus  ailewihg  the  selected 
store  relay  to  close  before  triggering  which  then  activates  the  insertion  delay  transis-? 
tor  relay  driving  circuit  for  6  to  12  milliseconds  (Fig*  22)*  At  the  end  of  20  milliseconds, 
MVl  is  again  trigger edj  arid  the  above  is  repeated  for  the  next  delay  iiiie  signal  ihsertioh. 


iNinBiT  Am/m  insertion  waveforms 

The  Burroughs  beam  switching  tube  eouriters  (BX-5^  BX-^6  arid  BX^7,  BX^8)  which 
drive  the  9^  and  101  scanner  diode  logic  eireults  are  driven  by  pulses  generated  by  the 
inhibit  and/or  ihsertioh  plug-in  unit  of  Fig*  23*  This  unit  consists  of  (a)  two  Schmitt 
trigger  circuits ^  each  of  which  is  contihuOusly  driven  by  the  5  ^kc  clock  pulse  geherator j 
|b;)  a  ftip-ilpp  ihhibit  circuit,  which  is  controlled  by  ah  eternal  set  pulse  (t|>  Tg)  froih 
the  pulse  geherator  (Figs*  9  and  13),  and  (c)’  a  40 delayed  reset  pulse  (Tg)  from  MVl 
(Fig*  24).  The  flip-flop  Irihibits  the  100th  cioek  pulse,  thus  allowing  VX^S  and  BX-6  to 
count  to  99  during  each  insertion  period*  The  40^/xs  delayed  f  l  reset  pUlse>  which 
drives  the  flip^fldp  inhibit  Circuit,  ^so  provides  ah  additiohai  pulse  to  the  |0l*^couht 
Schmitt  Circuit  through  a  diode  OR  gate*  Therefore,  the  99-GQUht  counters  (BX^5  and^ 

BX^6:)  are  retarded  a  Count  each  Cycle,  and  the  iOl  Count  counters  (BX-7  and  BX-8)  are 
advahCed  one  COUht  each  Cycle  during  each  signal  ihsertioh  period*  A  timing  waveform 
diagraih  is  shown  in  Fig.  25. 

The  Output  waveforms  Of  the  couhter  tubes  BXs^S,  BX^6^  BX^7^  and  BX-8  are  bulfered 
and  inverted  by  the  scahher  gate  driving  Circuits,  two  of  which  are  shown  in  Fig*  26,  One 
each  for  the  tens  count  and  the  units  count.  There  are  ten  similar  gate  driving  circuits 
associated  with  eaGh  of  the  four  Cpuhters  BX^5j  BX^6,  BX^7,  and  BX^8*  Each  of  the  gate 
drivihg  outputs  drives  ten  logic  diodes,  which  form  a  part  Of  the  overall  diode  logic  matrix 
shown  in  Fig*  27, 

The  delay  line  storage  units  (Fig,  16)  are  numbered  from  double  zero  (00)  through 
ninety-nine  (99).  The  99-GOunt  matrix  is  arranged  so  that  the  beginning  Of  the  scan  is  at 
store  49  and  decreases  hUmeriGaliy  through  store  00  and  stops  at  store  51.  This  is  shown 
in  the  counting  matrix  for  the  99  C€W  in  Fig,  27*  The  lOi^GOunt  matrix  is  arranged  so 
that  the  beginning  of  the  scan  is  at  store  §0  and  advances  through  store  99  and  stops  at 
store  50.  The  beginning  of  each  succeeding  scan  is  therefore  adyanced  by  One  store  num¬ 
ber.  This  sequence  continues  until  ^e  starting  point  of  both  scanners  advance  through 
each  of  the  100  storage  elements  of  the  delay  line,  requiring  a  total  of  two  seconds.  When 
the  starting  point  of  the  scanner  operation  returns  to  the  00  store,  the  scanner  counters 
are  reset  to  the  initial  start  position,  This  insures  synchronization  of  the  scanner  Gpunters 
for  each  two  second  period, 

The  detailed  counter  timing  sequence  for  the  counters  is  shown  in  Fig,  28,  The  loca¬ 
tions  of  die  inhibit  pulse,  extra  inserted  pulse,  and  the  one ^per -'two -second  reset  pulse 
are  indicated.  The  scanner  counting  matrices  shown  in  Fig,  27  indicate  the  counter  posi^ 
tions  at  the  start  of  the  first  scan  after  each  2^sec  reset. 

The  output  of  each  of  the  scanner  gating  drive  GirGUits  shewn  in  Fig.  26  connects  to 
ten  diodes,,  whieh  are  logically  connected  to  the  scanner  diode  analog  gate  eireuits  shown 
in  Fig,  27.  The  scanner  gating  drive  cirGuits  all  normally  conduct,  except  for  one  in  each 
tens  count  and  one  in  each  units  count  counters.  When  the  gating  drive  circuits  are  conduc¬ 
ing,  the  junGtion  of  the  diodes  in  the  analog  gate  is  low  and  the  gate  is  closed  (diodes  cut 
off).  The  diode  logic  allows  only  one  analog  gate  to  open  for  each  count  in  the  counting 
sequence  of  the  scan  process. 
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SiGHM^  pRmEssmG 
Event  iieteGtor 

Random  noise  in  the  age  signal  has  a  degree  of  syrrirrietry  related  to  the  threshold 
tolerances  of  the  comparator;  therefore^  a  ihOans  of  limiting  some  of  the  hohsatellite  com>- 
parator  responses  is  neGessary,  The  Glass  of  signals  of  less  than  d^2^secohd'  duration 
may  be  ignored  by  the  symmetry  processing  seG^tioh  s^  the  SPAStJR  System  geometry 
preGiudes  satellite  responses  of  this  short  a  durationi  These  sighals  are  inhibited  by , the 
event  detector  and'  the  T  +  I  cirGUit^  indicated  in  iFigi  5#  k  more  detailedi  interGOnnectii^ 
Operating  diagram  is  shown  in  Figi  29v  The  event  detector  uses  a  dual  dC  amplifier  unit 
(see  Figs  18(b))  arid  aii  RG  time  delay  cirGuits  The  age  signal  is  applied  to  the  point  labeled: 
E$,  the  input  to  the  first  dc  amplifier  which  is  Gonnected  to  form  a  SChmitt^type  GirCuit 
with  Very  small  hysteresiss  This  is  aGcOmplished  by  using  a  pair  of  series  -GonneGted 
avalanche  diodes  with  their  cathodes  jdined,  forming  the  first  arnplifier  feedback  loops 
When  the  signal  gOes  above  the  threshold  determined  by  #ie  Voltage  at  E6^  the  amplifier 
output  which  was  high  (+30  Volts)  now  goes  low  (-30  volts)^  being  limited  in  either  Case 
by  the  breakdowii  of  one  of  the  avalanche  diodess  The  transition  from  high  state  to  low 
state  is  relatively  fastj  being  on  the  order  of  50  microseconds.  The  output  returns  to  the 
high  state  when  the  input  signal  goes  below  thresholds  The  Output  Of  this  first  dc  ampli¬ 
fier^  whieh  is  now  a  threshold  detector^  Cuts  off  the  7586  Vacuum  tube  which  is  shunting 
the  1^/if  capacitor.  When  this  tube  is  cut  off  sitffiCiently  long  (0.2  second  in  this  case)> 
the  voltage  across  the  capacitor  bOCofnes  suffieienlly  high  to  trigger  a  second  threshold 
detector  slmUar  to  the  one  described  above.  This  second  threshold  detector’s  output  is 
normally  low  (-30  volts)  and  goes  high  (+30  volts)  when  its  threshold^  as  determined  by  the 
Voltage  at  E5,  is  exceeded.  Two  single-poie  doufaie^throw  switches  are  provided  at  ike 
input  to  this  second  threshold  detector.  For  the  Operation  described  aboVe^  these  switches 
wOidd  be  in  the  internal  and  negative -polarity  positions  *  ^en  used  e^ernally^  the  second 
threshold  detectoF  can  be  made  to  go  high  from  an  external  event  detector,  and  the  pOlari^ 
switch  aGcommodates  either  polarity  of  e^ern^  input.  The  output  of  the  second  thresh^ 
old  detector  (E4)  drives  a  relay  circuit  (Fig.  19)^  which  provides  a  switch  closure  Iqr 
e^d^ernal  event  indication  from  the  Syminetry  Recognition  System. 

Because  the  delay  line  is  two  seconds  in  length,  a  means  must  be  provided  to  allow 
the  event-causing  signal  to  advance  to  the  center  of  the  line  before  the  comparator  is 
inhibited.  If  a  signal  is  shorter  than  2  seconds,  the  event  detector  ou^ut  (either  eternal 
or  internal)  will  end  before  the  center  of  the  signal  reaches  the  center  of  ^e  delay  line. 

By  adding  a  circuit  which  provides  ^an  output  which  persists  for  one  second  alter  the  end 
of  the  event,  the  above  d^ficulty  is  overcome.  The  T  + 1  circuit  indicated  in  Fig.  29,  and 
schematiGally  in  Fig.  3Q,  takes  the  event  detector  output  and  stretches  it  for  one  second. 

A  second  input  is  provided  to  the  T  + 1  circuit  from  the  scanner  threshold  detector  (to  be 
described  later).  A  pair  of  single -pole  double  ^throw  switches  is  provided  to  operate  the 
T  + 1  from  the  event  detector  and/or  from  tiie  scanner  threshold  detector.  The  output  qf 
the  T+1  circuit  goes  to  the  “AND^  circuit  indicated  in  Fig.  5,  ^d  shown  schematically  in 
Fig.  31,  for  use  in  inhibiting  the  scanner  pulput  comparator  circuit.  The  T  +  1  circuit 
consists  of  two  RC  charging  Gircuits  which  drive  a  diode  “AND*  circuit  (see  Fig.  3Q), 

When  the  output  of  the  “AND*  circuit  goes  low  (due  to  the  presence  of  two  high  inputs  to 
the  T+1  circuit),  the  Schmitt  circuit  provides  an  output  which  goes  low  (from  +30  vpits  to 
-70  volts).  The  proper  dc  levels  at  ttie  T+1  output  are  provided  by  the  constant  voltage 
NE-63A  bulbs. 


Comparator  and  Slope  Reversal  Processing 

The  scanner  output  signals,  as  indicated  in  Fig,  5,  are  applied  to  the  two  lines  desig¬ 
nated  D1  and  D2  in  Fig.  3l«  The  terminating  2-M  resistors  for  the  scanner  diode  gates 
connect  to  the  -15Q-v  supply.  These  two  lines,  D1  and  D2,  are  the  inputs  to  the  comparator 
unit  and  to  the  logical  "AND*  circuit  for  the  scanner  threshold  detector. 


Fig,  31  -  CpmparatOT-tbreshoid  seGtibii 
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The  IdglGal  “ AN©^  cireuit  causes  the  grid!  of  the  buffer  cathodiB  follower  to  assume 
the  lowest  of  the  two  ©1  and  D2  input  voitages%  When  this  voltage  goes  above  a  preset 
threshold  (determined  toy  the  potentiometer  Zl)>  the  first  amplifier  output  goes  high  at  ©6 
and  the  output  of  the  second  amplifier  goes  low  at  ©lOi  This  threshoid  detector  is  the 
same  type  as  that  used:  in  the  event  detector  circuit  and  also  uses  the  dual  dc  amplifier 
eifcuit  shown  in  Fig^  l8|b).  When  ©6  is  low,  the  flip-flop  consisting  of  Vl  and  V2  is  held 
in  the  reset  condition  (Vl  nonconducting)).  A  T|  pulsey  which  occurs  at  the  start  of  each 
scan  of  the  delay  line,  is  presented:  to  the  iplate  of  Vl  through  a  diode  gate.  When  D6  goes 
high,  indicating  the  presence  of  a  signal  at  the  center  of  the  delay  linej  the  flip-flop  will 
then  be  triggered  to  the  set  condition  (V2  nonconducting^  by  the  next  tI  pulse*  When  the 
V2  plate  goes  highj,  the  second  output  (©i0|  of  the  threshold  detector  caii  then  go  low.  The 
©10  output  Combines  in  a  logical  "  circuit  with  the  T  + 1  signal!  inserted  at  ®4y  and 
when  both  are  low,  the  inhitoit  on  the  comparator  circuit  is  released^.  A  second  input  i& 
tbe  grid  Of  Vl  called  the  baCkscan  inhibit  is  driven  by  the  t|  -  T4  pulse  which  resets  the 
flip-flop  when  the  scahners  reach  the  ends  of  the  delay  line  iii  their  scanning  operation* 

The  resetting  of  the  flip-flop  causes  DlO  to  be  driven  Mgh^  thus  reestablishing  the  inhibit 
oil  the  comparator*  This  Mlowls  the  comparator  to  operate  upon  the  scanher  output  signatls 
over  the  sCanniiig  of  the  delay  line  froffi  the  center  to  the  ends  only*  The  flip-flop  is  again 
set  at  the  neM  Tg  pulse  if  ©6  remains  high;  this  Gperation  will  continue  as  long  as  D6 
remains  high,  thus  indieatihg  a  signM  which  completely  fillB  the  delay  line,  li  the  signal 
is  raggedy  such  that  D6  goes  low  durihg  a  part  of  the  sCahhing  period,,  the  flip-flop  resets 
and  the  comparator  is  inhibited  for  the  remainder  Of  the  scan  period.  This  operation  is 
caiied  the  scan  dr  ©pout  control*  This  minimizes  random  Comparison  outputs  during  pefiods 
in  which  the  signal  in  the  delay  line  contains  a  large  amount  of  noise  Or  has  not  reaGhed 
the  center  of  the  delay  line.  The  inhibit  tine  to  the  Gomparator  is  differentiated  and  prO^ 
vides  a  pulse  Output  at  ©5.  This  pulse  is  the  E  l  pulSe  Shown  in  Figs*  5^  19^  and  32  and 
indicates  that  the  proGesSing  section  is  acting  on  a  signal  in  the  delay  line.  Figure  32  is 
the  schematic  diagram  Of  the  duali  ISO^ms  multivibrator  circuits  fOr  driving  the  Output 
relay  circuits* 

The  input  lines  D1  and  ©2  in  Fig.  31  also  Gonhect  to  the  cOmparatof  inputs.  The  Com- 
paratof  Circuit  Shown  in  Fig.  33  Consists  of  two  Cascaded  difference  amplifiers  (Vl  through 
V4),  followed  by  a  diode  ‘^AN©’’  circuit  and  a  Schmitt  trigger  cii?cult  (VS))*  ^en  the  input 
vol^geS  at  ©1  and  ©2,  Fig.  31,  are  equal,  the  plate  voltages  of  V3  and  V4  in  Fig.  33  will 
be  balanced  and  the  input  to  the  Schmitt  Gircuit  through  the  diode  "Al®*  circuit  will  be  at 
its  lowest  value.  When  this  condition  exists^  the  output  of  the  Schmitt  circuit  will  be  high 
provided  that  the  comparator  inhibit  is  removed  at  V0.  When  V6  Conducts,  the  output  of 
V5  is  held  low.  If  a  delay  line  signal  is  present,  V6  would  be  cut  off  during  the  scannef 
inhibit  release  period,  as  just  desGribed.  Whenever  the  voltages  on  lines  D1  and  ©2, 

Fig.  31,  become  equal  during  this  period,  the  comparator  output  goes  high  and  remains 
high  so  long  as  D1  and  D2  voltages  remain  equal.  The  output  of  the  Comparatpr  is  clamped 
at  ground  when  low. 

The  output  of  the  comparator  goes  to  a  low -pass  filter  (see  Fig.  5  and  Point  I?  in 
Fig.  34)  and  is  then  amplified  by  a  gated  amplifier.  When  a  signal  is  present  in  the  delay 
line,  the  T+1  signal  is  formed.  This  T+1  signal  drives  the  buffer  cathode  follower  at 
14,  as  shown  in  Fig.  34.  The  output  of  the  cathode  follower  allows  the  gated  amplifier 
(whiGh  is  one  section  of  a  dual  dc  amplifier,  as  shown  in  Fig.  13(b))  to  amplify  the  output 
pi  the  filtered  comparatpr  output.  The  normal  output  of  the  gated  amplifier  is  set  at  a 
negative  voltage  such  that  the  diode  connected'  to  its  output  is  kept  nonconducting.  This 
voltage  level  is  set  by  Z3  when  there  is  no.  comparator  output. 


Fig.  33  -  Comparator 
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When  there  is  a  comparator  outputj  tM  output  is  averaged  by  the  filter  and  then 
amplified^  If  the  GOrhparator  output  persists  for  a  sufficient  iength  of  time  (the  signal  in 
the  delay  line  is  syrnmetf ical)j  the  diode  at  the  output  of  the  gated  amplifier  conducts  and; 
drives  th^  input  to  the  analog  differentiator.  This  differentiator  uses  the  second  dc  ampli¬ 
fier  in  the  dual  amplifier  uniti  if  the  signal  in  the  delay  line  is  symmetrical^  the  output  of 
the  gated  amplifier  will  build  up  smoothly  to  a  maximum  and  decrease  smoothly  back  to 
the  zero  level.  The  slope  reversalj  Which  takes  place  at  the  maximum  Output  Of  the  gated 
amplifier^  becomes  a  relatively  large  positive -going  Wavefront  at  the  output  of  the  dif-= 
ief  entiatOri  This  Waveform  is  cOupled  to  the  input  of  a  Sehmitt  trigger  circuit  in  the  slope 
reversal  switch  shown  in  Fig*  35.  The  slope  ^reversal  switch  unit  also  contains  a  flip-* 
flop  V3  which  is  set  by  the  T  + 1  signal  sO;  that  the  flip-flop  allows  the  input  Schmitt  cirGuit 
(Vi)  to  respond  On  the  first  positive-golrig  wavefront  from  the  differentiator^  The  Outoput 
of  the  sehmitt  circuit  is  differentiated  and  triggers  a  one-shOt  multivibrator  V2.  The 
output  Of  this  multivibrator  drives  a  buffer  multivibrator  (Fig*  19  and  Fig.  32)^  which  in 
turn  causes  a  relay  cirGuit  in  the  delay  relay  Unit  (Figi  22)  to  operate  indicating  by  a 
sWiteh  closure  that  a  slope  ^reversal  took  place.  The  output  of  the  slope -reversal  multi¬ 
vibrator  also  resets  the  flip-flOp  (V3)  so  that  the  input  Schmitt  circuit  is  inhibited  until 
the  T  + 1  signal  ends  and  again  reoceurs. 


DELAY  LINE  READOUT 

In  order  to  obtain  a  delayed  reproduction  of  the  input  signal  so  that  we  can  permanently 
record  the  periofmance  of  the  delay  iine>  a  delay  line  readout  Gireuit  was  provided|  as 
shown  in  Flgi  34*  The  dUlpiUt  of  the  101  CW  scanner  bus  drives  a  buffer  cathode  follower 
at  li*  This  signal  is  amplified  and  drives  the  delay  line  readput  switch  liO  in  Fig*  34.  A 
gating  pulse  t]  ^  t|  at  13  gates  the  amplified  scanner  signM;  through  the  switch  to  a  hoid^ 
ing  Gireuit  at  the  instant  that  the  101  GW  seanner  is  reading  the  oldest  age  signal  sample. 
The  Quiput  of  the  hplding  circuit  is  amplified  and  becomes  the  delay  line  pu:^ut  at  12.  The 
Unit  No*  1  amplifiers  at'e  a  dual  unit>  as  shown  in  Fig,  18(b)!.  The  delay  tine  readout  switch 
is  shown  in  Fig.  36, 

in  Fig.  36,  the  switch  consists  of  a  pair  of  7586  tubes  connected  plates ^to ‘^cathodes 
at  the  0.1-^/txf  holding  eapacitor.  The  switch  is  controlled  by  one  shot  multivibrator  MV 2 
whiGh  provides  the  sampling  duration.  MV2  is  driven  by  MVl,  MVl  provides  the  neces^ 
saf y  delay  for  flowing  the  switch  to  sample  during  the  center  of  the  scanner  dwell  period. 


MONITOR 

The  purpose  pf  the  monitor  is  tp  allow  an  overall  system  check  from  one  Gehtral  loca¬ 
tion  The  monitpr  panel  incorporates  a  signal  simulator,  a  null  voltmeter,  and  an  oscil- 
Ipseope  switchirig  network. 


Signal  Simulator 

The  sign^  simiilator  consists  of  a  clpck  motor  geared  tp  4  rpm  which  gives  a  basic 
15^secpnd  period  in  360  degrees  of  revolution.  The  output  shaft  is  coupled  to  a  360^degree 
potentiometer  and  a  cam.  The  cam  operates  a  normally  open  microswitch  causing  the 
motor  to  run  until  the  360-degree  cam  returns  tp  the  rest  position,  allowing  the  switch  to 
open.  The  microswitch  is  bridged  by  two  switches:  one  is  a  mode  switch,  the  other  a 
start  switch.  With  the  mode  switch  in  the  normal  position  (open),  a  momentary  operation 
of  the  start  switch  will  start  the  motor,  causing  the  cam  and  potentiometer  to  rotate 
through  360  degrees.  With  the  mode  switch  closed,  the  motor  operates  continuously. 


FROM  DIFFERENTIATED 
COMPARATOR  OUTPUT 
(FI6.34) 


AMPLIFIED  CW  SCAN 
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Pfn'  m  umber  St  r-efier  to  Amphenol;  5.7-10.140  pTug;. 
Total  ipbwe.r:  approx:iImat,e1y  7  watts- 
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This  360^d(Bgree  pMehtidrrieter  is  center  tapped:  to  a  bias  network  providing  a  vOltagis 
of  approjamately  37  volts  *  The  ends  of  the  poteiitionaeter  are  heldl  at  ground  potential* 

The  wiper  in  rotating  through  360  degree®  and  passes  frorn  zero  potehtiaii  through  37  volts 
back  to  ^ground'  in  15  seconds ^  thus  providing  a  trianguiaf  wavefof  ia*  The  wiper  output  is 
fbd  into  a  six^position  switch^  which  eoiitaihs  a  series  of  Zener  reference  biasing 
diodes  (see  Fig^  37)  i  The  breakdown  vaiues  Of  the  reference  diodes  were  chosen  to  pro^ 
vide  the  proper  signal  time  basei  The  original^  trianguiar  waveform  i®  modified  by  pre^ 
serving  that  which  exceeded  a  preset  dc  level.  The  removal  of  the  dc  offset  is  accom¬ 
plished  through  a  cathode  follower  biased  to  provide  zero  ou^ut^  The  net  effect  is  a  group 
of  six  signals  of  increasing  duration  and  amplitude,  each  simulating  a  ciass  Of  satellite 
responses. 


Null  Voltmeter 

The  system  requires  seven  different  voltages:  -300,  -150,  -50,  -6i8,  +18,  +100,  and 
+150  voitSi  Since  the  unit  contains  several  dC  amplifiers,  the  voltage  Values  are  critical 
and  must  be  kept  within  one ‘•half  of  one  percent  for  proper  operation.  A  passive  null 
b^ance  meter  was  Ghoseh  (see  Figi  38)r  The  meter  was  designed  for  two  reference  levels 
+5i6  and  -^5^6  vOltSi  The  levels  were  provided  by  two  lN7b8  Zener  diodes  biased  from  the 
+150  and  -150  volt  supplies^  It  was  found  that  a  variation  of  lip  to  ±15  percent  in  either  of 
the  two  supplies  did  riOt  measurably  affect  the  level  of  the  respective  reference  voltage. 

A  zero  center  lOO-Q^lOO  microampere  meter  movement  was  inserted  between  the  refers 
eiice  voltage  and  its  respective  comparison  voltage.  The  positive  voltages  from  the  sys¬ 
tem  were  summed  together  on  a  precision  resistor  voltage  dlvidef  *  Ratios  were  Ghosen 
so  toat  each  voltage  alone  would  produce  exactly  5.6  vOlts  at  a  tap  hear  the  bottom  of  the 
divider^  SihGe  each  voltage  was  related  to  this  tapped  point  by  a  fixed  cohstaht  ratio,  a 
v^iation  in  any  voltage  by  a  fixed  percentage  would  produGe  a  stahdto^^d  deftectioh  oh  the 
meter* 

This  method  was  also  used  for  the  negative  voltages.  The  meter  movement  was  pro ^ 
tected  by  bridgihg  the  movement  with  two  INIOO  germanium  diodes,  which  have  a  forward 
breakdown  of  0.2  volt.  A  variation  of  ±3.5  perceht  in  any  voltage  level  would  correspond 
to  full-scale  deRectiph  of  the  micrpammeter. 


Oscilloscope  Switching 

The  monitor  panel  was  provided  with  a  24 -position  switch  to  which  were  connected 
taps  from  several  monitoring  points  in  the  symmetry  recognition  eireuitry.  Each  line 
was  equalized  in  order  to  require  the  fewest  possible  oscillpscope  settings.  The  T|  pulse 
provided  external  synchronization  fpr  each  position,  The  monitored  functions  are  listed 
in  A^^n^ix  B. 


RESULTS 

System  Technical  Performance 

During  the  period  October  39  through  Npyember  4,  1961,  tiie  installation  and  checkout 
of  the  Symmetry  Recognition  n  equipment  was  conducted  at  San  Diego  SPASURSTA,  The 
station  personnel  were  given  a  brief  period  of  instruction  and  were  provided  with  a  com¬ 
plete  set  of  schematics  and  block  diagrams,  Once  each  day,  a  SPASURSTA  technician 
operated  toe  built-in  simulator  to  cheek  toe  system  thresholds.  He  performed  a  simple 
adjustment  if  toe  response  patterns  on  the  Sanborn  recorder  justified  a  change.  Minor 
resets  of  this  nature  were  made  after  approximately  each  206-hour  period. 
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Fig.  38  -  Monitor  panel  null  voltmeter 
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Shortly  after  1000  hours  of  satisfaGtory  operation^  the  delay^line-feadi^ut  eircudt  per^ 
formariGe  degraded  to  the  point  where  the  routine  check  of  thresholds  eouldi  liOt  be  con-^ 
tinuedv  After  several  phone  calls  and'  whatever  spare  time  effort  that  the  station  persohnel 
coxiM  apply^  a  partial  restoration  of  the  delay  line  readout  was  aGCOftiplishedi  The  resetting 
of  thresholds  was  again  attempted^  blit  was  hot  entirely  satisfaGtory.  Following  several 
further  attempts  to  advise  the  San  Diego  persohnel  by  telephohe,  the  reGomhiendatioh  to 
discontinue  Operation  of  the  equipment  was  made  on  February  20^  1962.  Excellent  coopera^ 
tioh  was  extended  by  the  San  Diego  SPASUi^TA  personnel,  who  devoted  GOhsiderable  spare 
time  attempting  to  locate  and  Gorreet  the  fault. 


System  C^eratiohal  Performahce 

The  installation  of  the  Symmetry  Recoghitioh  R  equipment  whs  completed  oh  Novehi- 
ber  1961 «  Assuming  the  adjustmehts  were  optimum  at  this  time^  a  period  of  10  hours 

was  arbitrarily  seleetedi  from  the  Safiborh  reOordi  for  the  foilowihg  day^  Novehiber  6. 
Subsequent  review  of  records  received  fOr  the  sudceeding  three  weeks  displayed'  a  per^ 
formahce  level  which  had  hot  changed  measurably  from  that  oh  November  6. 

Betweeh  0614  Z  and  1617  Z  oh  November  6,  53  satellite  passes  were  verified  by 
NAVSPASRRj  Dahlgreh,  Va*  After  removing  responses  due  t0  calibratioh  signals  and 
radiatihg  satellites^  the  system  performmice  was  scored  as  follows: 

-^ert  Type 


A 

s 

Symmetry  Recoghitioh  Reispohse  to 
verified  satellite  signal 

Symmetry  Recoghitioh  Respohse  to 

20 

c 

signals  hot  verified  as  satellites 

No  Symmetry  ReGdghition  Respohse 
to  verified  satellite  signals 

14 

33 

D 

No  Symmetry  Recognition  Response 
to  nohsatellite  signals 

39 

TOTAL  ALERTS 

106 

It  can  be  seen  that  32  percent  of  ail  signal  alerts  were  called  symmetrical.  This  is  less 
than  the  call  rate  represented  in  Figs,  2  and  6  in  NRL  Report  5665  (Ref,  3).  It  is  very 
disturbing  to  note  that  for  the  53  verified  satellite  passes,  only  20  were  reGognized  by  the 
Symmetry  Recognition  System  n.  A  further  study  into  tho  reasons  fpr  this  apparently 
poor  performance  revealed  the  following  categories,  and  the  numbers  in  each; 

Alert  Type 


C^l  Satellites  missed  by  Symmetry  because  virtually  no  signal* 

was  apparent  in  the  Sanborn  record  of  the  selected  age  25 

C-2  Satellites  missed  by  Symmetry  because  short  duration 

signal  was  distorted  by  the  comb~f liter  switching  aetion  7 

C-3  Satellite  missed  by  Symmetry  because  of  a  cornbihation  of 
rapid-fluctuation  (1961  Omicron  14),  low-level,  and 
short^duration  of  the  signal  1 

TOTAL  TYPE  C  ALERTS  33 
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'A  study  of  the  M  Type  B  ^ertSj  or  so-called  ‘^false  alarms^  showed^  strong  symiftetry  to 
each  instancei  The  'eharacteristics  Observed^  in  four  signals  suggest  the  possibility  that 
the  responses  were  due  to  a  satellite  located  outside  the  normal  prediction  region  for  the 
San  Diego  SPASUBSTA.  These  have  been  labeledi  Type  B-1,  Inevitably^  a  few  responses 
due  to  anomalieSj  sueh  as  overdense  meteor  trails^  will  have  portions  of  their  rsignatures 
which  display  enough  symmetry  to  correspond  to  a  satellite^  These  must  be  classified  as 
false  aiarmSj  and  the  ten  Of  this  variety  have  been  designated  as  Type  B-2. 

Figure  3S  shows  examples  of  the  Symmetry  H  performance  under  a  wide  variety  Of 
operating  conditions^  Figure  3&(a)  is  a  one  ^millimeter  ^per --second  SanbOrh  record  Of  a 
classical  satellite  signal  with  a  duration  just  under  one  second  mid  a  normal  symmetry 
respohsei  The  selected:  agC  j  a  negative  agoing  signal  Oil  lihe  W,  is  reproduced  at  the  output 
Of  the  delay  iine  two  seconds  later  on  line  X*  Line  Y  shows  the  degree  Of  symmetry^ 
reaching  its  maximum  one  second  after  the  peak  Of  tiie  signal  enters  the  line,  as  diagrammed 
earlier  in  Fig*  2*  Line  Z  is  the  differentiation  Of  line  Y,  helping  to  define  toe  iustant  of 
slope  reversal  at  the  center  of  toe  signal,  arid:  also  enhancing  the  ability  to  diSGrlrntoatc 
against  nonsatellite  signaiSi  The  event  pens  show  the  comb^fllter  alert  pulse  on  both  lines 
1  and  3.  As  received  from  the  ADDAS  e^ipment,  an  alert  must  be  0*2  second  Or  longer 
to  Operate  these  event  markers.  Line  2  is  the  E-^l  pulse,  enabled  by  the  alert  and  Operated 
by  the  threshold  detectors  in  the  delay  Mtte<  The  E-1  pulse  sightfies  that  the  symmetry 
comparison  process  is  induced  by  the  presence  Of  some  signal  in  the  line.  Line  4  is  the 
PiRT-i,  the  symmetry  output  decision  pulse.  Line  5  is  the  SP^UR  time  code,  permitting 
correlation  with  other  system  records,  especially  the  observations  confirmed  by  NAVSPA^ 
SUR,  This  code  is  also  tabulated  in  Appendix  Qi 

Figure  39(;b)  is  typical  of  a  iow=^ altitude  polar  orbiti  The  PRT-1  symmetry  response 
was  giyen>  even  though  a  portion  of  the  signal  was  Omitted  by  the  Gomb^filter  switch  deiayi 
Figure  39(c)  is  One  t^^e  of  radiating  signals  Note  that  only  one  PRT^l  is  given,  near  the 
center  of  the  signal-  Figure  39(4)  shows  a  radiating  satellite  Gonttouing  for  over  2^1/2 
minutes.  The  PRT^l  responses  precede  the  pe^  by  only  iO  seconds,  and  render  Only  six 
responses  i 

Figure  40  shows  a  B^l  t^e  response  not  reported  as  a  Valid  observation,  but  possibly 
of  satellite  origin.  Also  On  Fig.  40  a  l^e  G-=l  case  is  enGountered,  A  broad  tO^second 
signal  does  not  exceed  the  level  of  the  background  noise,  and  hence  cannot  be  measured 
for  symmetry.  Figure  41  shows  five  furtoer  es^mples  of  Type  C^l  verified  satellites 
which  evidence  np  selected  age  for  numbers  28,  130,  154,  149,  and  122.  Figure  4i(b)  also 
ineludes  a  nine^levei  SPASUR  threshold  calibration  starting  at  ^136  dbm,  then  ^130  dbm, 
and  thereafter  descending  1  db  each  step.  Oh  Fig.  41(C:)  an  example  of  C^2  is  shown 
wherein  number  135  is  a  strong,  but  short,  signal  that  was  so  distorted  as  to  lose  its  sym¬ 
metry,  there%  preyenting  a  PRT^l  response.  Also  of  interest  are  two  nearly  coinGident 
meteors,  both  of  which  were  rejected  by  symmetry.  Note  toe  similarity  of  these  delay 
line  signals  with  that  of  satellite  185.  Figure  42  is  a  Type  P  emmple  of  a  large  meteor 
response  which  was  rejected  for  the  lack  of  symmetry, 


CONCLUSIONS 

In  comparison  with  the  breadboard  Symmetry  Recognition  System  reported  upon  to 
NRL  Report  5665,  the  Symmetry  Recognition  System  n  technical  performance  showed 
improvements  in  the  signal ^to^noise  ratio  of  the  delay •^line  output.  The  limited  availabil¬ 
ity  of  maintenance  effort  prevented  extensive  reliabili%  studies,  but  an  initial  run  gave 
over  1000  hours  of  service  before  the  first  failure  occurredy  tous  forecastijig  a  mihimum 
of  repairs.  Serviceability  was  simplified  through  the  monito*^  facilities  and  the  inter¬ 
changeable  plug-in  units.  Design  improvements  reduced  toe  space  required  from  four 
standard  racks  to  one  cabinet  and  effected  a  ppwer  reduction  from  4.5  kw  down  to  1.2kw. 
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(a)  Classical  satellite  signal  with 
norinal  symmetry  response 

Fig.  39  Examples  of  satellite;  detection 
using  tlie  Symmetry  H  System 
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(b),  Sh6rt-!?duratipn,  large-ainj^litude  re-sppiisp  typical 
of  low- altitude  polar -orbit  satellite 

Fig,  39 (continued)  -  Examples  of  satellite  detection 
using  the  Symmetry  II  System 
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((c)  Signatvire  prpbabiy  due  to  distant  satellite 
radiating  on  108  Me  and  tvuiibling  at  about  48  rpm 


Fig.  3 9'( continued)  -  Examples  of  satellite  detection 
using  the  Symmetry  ll  System 
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(di  I^diating  satellite  response  Gpntinuing  for  over  2-1/2  minutes 

Fig.  39 (continued)  ^  Examples  of  satellite  detection 
using  the  Syinwi^etry  II  System 
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Fig.  40  A  broad,  low-level  (Type  C--1)  -satellite  response 
(labeled  4).  with  an  age  response  beipw  the  Synaeaetry  Ree- 
ogi^tion  n  threshold,  tomeidiately  follQwing  are  lancQn- 
firmed  (Type  B.-l)  responses  whieh  continue  for  oyer 
2-1/2  minutes.  The  source  is  probably  a  satellite  radia¬ 
ting  on  108  Me  and  crossing  the  SPAStJR  line  at  an  angle 
near  the  horizon. 
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(a)  Three  satellite  passes  detected  by  the  narrow-band! 
comb-filter  system,  JnSiidfieient  age  response  pre¬ 
vented  symmetry  recognition  processing,.  A  fourth 
satellite  (127)  gave  normal  responses 

Fig.  41  -  Examples  of  Type  C-1  and  C-2  alert  sign^s 
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(!b)  Lpw-level  response  149  is  followed  by  a  nine-level  SPASUR 
threshold  calibration  representing  -136,  -139j  -140,  -141^  -142, 
-1,43,  -144,  -145,  and  -146  dbm 


Fig.  #1  {continued)  -  Exa;mpies  of  Type  C-l  and  C-2  alert  signals 
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Fig,  42  -  Typical  rejection  of  a  proMble  meteor 
by  the  Symmetry  Recognition  System  11 
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in  terms  of  operatidhai  perfdrmaneej  the  Symmetry  Recdghitldn  H  (SR^H)  equipment 
achieved  the  objective  for  which  it  was  designed^  It  measures  the  degree  of  symmetry  of 
signals  lying  between  0!,.2  second:  and-  ah  upper  iimit  of  from  5  Id  10  seconds  and:  having 
peak  amplitudes  from  about  -130  dbih  to  -100  dbih'  and  larger.  The  equipment  reliably 
classifies  each  signal  acGording  to  the  threshold:  limits  established:  by  the  dperhidr^ 

Measured  in  terms  of  Its  reliability  in  idehtifyihg  satellites  by  their  age  signatures 
while  discrimihatihg  against  all  hdnsatellite  sighals^  the  charaiEteristlGS  of  the  system 
supplying  the  age  sigh^  have  a  determining  effects  The  original  Symmetry  Recoghitldh 
equipment  installed  at  Fl^  Stewart,  as  reported  in  NRL  Report  5665j  recd^ized  37  pereent 
of  all  events.  Of  those  events  Called  symmetHcal,  10.8  percent  were  verified  satelliteS| 
the  latter  represefitiiig  90  perceht  of  all  satellites  verified  for  that  periodi 

The  SR-^n  ihstaliatidhy  operating  with  the  narrow -band  comb-filter  ihstailatlon  in 
Sati  Diegd^  recognized  34  percent  df  all  alerts^  Of  these  PRT  outputs^  54  perceht  were 
verified  satellites^  the  latter  representing  37.8  percent  df  all  satellites  verified  for  that 
periodi  False  alarms  were  reduced  from  89  pereent  at  Ft*  Stewart  to  46  percent  at  San 
lilegd.  While  techniGal  improvements  In  the  symmetry  recdgnitidn  equipment  favored 
the  SR^n  pferfdf  mahce  somewhat  at  Safi  Diego^  the  maidr  differ eiices  were  caused  by  the 
changes  in  the  SPASIJR  system*  A  i2-db  advantage  in  the  alert  and  phase  channel  sensl^ 
tivity  over  the  seiected  grdup  age  signal  left  47  percent  df  the  verified  sateilites  beldw 
the  dperatifig  level  df  the  SR-n  equipment,  which  is  limited  by  the  e^dern^  ndise  level  to 
abdut  ^130  dbm.  An  additidnal  13  percent  df  the  vefified  sateilite  signals  were  suffieienjiy 
distorted  by  the  switching  action  df  the  comb-filter  to  destroy  their  symmetry  and  cause 
their  rejectidn.  Of  the  40  percent  remaining  verified  satellites^  only  one,  representifig 
5  percent  of  this  groups  was  fidt  recojpiiizedi 

It  appears  that  the  current  reliafice  updfi  the  highly  sensitive  phase  ififormatidn^  the 
doppler  signals  derived:  from  the  Comb-filter^  and  the  use  of  triangulation  observations 
has  brought  the  SP^UR  system  performance  to  a  level  that  wduld  ehidy  little  improve^ 
ment  due  to  die  addition  of  pattern  recognition  information  based  Upon  the  group^selected 
age. 


I^eOMMENDATIONS  FOR  FURTHER 
I^VELOPMENTAL  EFFORT 

Some  consideration  should  be  given  tp  methods  of  further  simplifying  and  improving 
the  techniques  employed  in  the  Symmetry  Recognition  M  equipment  if  additional  units  are 
required*  For  example,  by  differentiatidn  of  the  agC  at  the  input,  it  appears  that  many 
benefits  should  Qccur.  The  amplitude  range  of  low-frequency  afiMog  values  presented  for 
storage  in  the  delay  line  could  be  extended,  and  requirements  for  a  dc  drift  corrector  would 
undoubtedly  be  circumvented.  A  2:1  increase  in  time  resolution  would  be  necessary  in  the 
delay  line  tp  handle  the  higher  frequency  components  which  wpUld  result,  but  this  is  desir^ 
able  for  other  rpaspns  cited  earlier.  In  operation,  the  delay  line  scanners  would  be 
resistor-summed  to  permit  mirror  images  of  the  differentiated  symmetrical  signals  to 
cancel  as  a  measure  pf  synametry.  All  differentiated  symmetric^  signals  would  cancel 
in  this  manner  as  they  pass  the  center  of  the  delay  line,  whereas  an  unbalance  would  be 
present  at  all  times,  except  fpr  pccasipnal  transients  during  zero  crossings  for  npnsym- 
metrical  signals.  A  further  benefit  would  occur  in  the  processii^  pf  square-wave  calibrate 
pulses,  which  would  produce  only  two  spikes  having  practically  zero  symmetry. 

Some  improvement  in  tho  pperational  performance  should  be  obtained  by  reverting  to 
the  use  pf  the  wide^band  age.  This  would  eliminate  the  C-2  type  of  missed  satellite  dis¬ 
tortion  eause^d  by  the  comb -filter  switchifig  action,  £dong  with  an  undetermined  but  small 
difference  in  sensitiyify.  There  appears  no  reasonable  way  to  obtain  an  age  signal  with 
the  full  sensitivity  and  signal -^to -noise  ratio  of  the  alert  systems 
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A  P  PE  NDK  A 


CORREGTIQN  OF  GAIN  ElmORS  AND  OFFSET  VOLTAGES 
DIJRING  SIGNAL  INSERTION  PROOESS 


The  insertion  driver  used  to  put  the  sign^  into  the  Symirietry  Recognition  System  H 
delay  line  uses  the  condition  that  small  offsets  and  gain  variations  of  a  circuit  placed  within 
the  feedback  loop  Of  aii  operatiohi^  arftglilier  are  reduced!  by  the  reciprocal  Of  the  ampli¬ 
fier  Open-loOp  gaihi  By  this  meanS),  the  storage  cathode  ^follower  errors  are  minimizedi 
In  Fig.  Ai  is  showft  a  functional  diagram  Of  the  overall  error  minimizatioh  methods  The 
Switching  used  to  insert  the  sequence  Of  cathode  followers  has  been  omitted^  and  it  is 
assumed  that  the  switches  will  be  closed  long  enough  so  that  the  dc  steady  state  is  reached 
by  the  ctrcuiti  This  holds  in  practice  because  the  insertion  period  is  greater  than  4  inilli- 
seConds  and  the  time  constant  of  the  char girig  cirGuits  is  approximately  100  microseconds 
so  that  a  settling  period  fOr  10  time  constants  is  1  millisecond;  From  Fig.  Al, 

=  .ACV  +  m,  and  V  = 

Since 

%  -  I® a  +  then  =  k|bCE^  -  AGV|  +  o  r 


KAGR,  E„ 

E„  =  kBGE,  -  +  Eh- 

°  ®  Rj  +  R2  ^ 


This  may  also  be  written 


= 


KBCE^  +  Eb  E3  +  E^/KBC 


1  + 


KACR, 


R1+R2  KBC  B\Ri+R2 


where  the  symbols  have  the  following  meanings: 

=  input  signal 

E^  =  output  of  the  amplifier 
K  =  gain  gf  storage  cathode  follower  (K  <  1) 

=  bias  offset  voltage  of  stpr^e  cathode  follower 
+A  =  gain  of  negative  input  pf  amplifier 
^B  =  gain  of  positive  input  of  amplifier 
-.C  =  gain  of  output  section  of  amplifier 
V  =  input  voltage  to  negative  input  of  amplifier. 
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Fig.  Ai  -  Iri'Sertioh  driver  cireuit 


The  ej^ressidn  far  shows  that  the  bias  offset  voltage  e;|,  is  reduced  by  the  faetor 
By  making  kbC  very  large  (several  thousand  in  a  practical  cnsei  Or,  in  the  liiniiy 
approaching  infinity)  then: 

In  practical  operational^  amplifiers^  the  gain  e  is  made  very  large  (greater  than  1000),  and 
B  ^  A  SO  that 

Ed  ^  1  * 


APPEN0K  B 


MdNIT©R®G  FBNCTIdKS  SELEC'PABLE 
FOR  OSeiLLOSCOPE  PRESENtATlON 


selector 

I  Position* 

50 : 
Pirt'  i 
No.  I 

;  A  Position  : 
(Bank  No.  IJ  ; 

Loeation 

1  '50^  1 

i  Pin  ! 
iNd*.  i 

1  S'  Posittdn 

1  (Bank  No.  2) 

I  Location  ; 

Bank ' 

:  No  .  8 

■1 

; 

1 ; 

I  Clack  Pulse 

;ld4,  ll9F2  ’ 

i  ^  ; 

1  ^  ‘ 

! 

i  •ft  : 

2 

; 

id 

Raw 

102j  01 

11  ! 

;  Br  eaihp  age 

103,122  Hi 

3 

11 

Preainp  age  ; 

10  3  j  l2  2  H  i  : 

'  ^ 

i  Map  age 

06,H2,G15 

4 

13 ; 

;  99  Oew 

;  100419  D  j 

14  ’ 

iOi  GW 

;  101,119  Bi 

1  '5  i 

12 

Atnp  age  ; 

06  ! 

;  ^5' 

I^Delay  tine  out  * 

1 02,12 

•'6 

16  1 

i  ist  threshold 

;  ®2J  % 

13  ; 

99  ccW 

'  100,119  Bj 

7 

17 

:  2nd  threshdid 

Bid,  119,  5  ; 

:  14  ; 

:  101  GW 

;  101,119  Bi 

8 

17; 

'  2nd  threshold  I 

B  Id,  119, 18 ; 

18 

:  Comp  out 

16419%  : 

'9' 

12 

Aihp 

;  06 

19  ; 

1  Event  out 

E4,,  09 

id 

20 

!  T  +  1  1 

;  15422(8) 

:  21 

:  s/R  out 

Igj  ^ie 

11  - 

19  : 

:  Event  out 

;%,#  ; 

20 

;  T#  1 

■Is,  122(8) 

12 

22 

!  T|  *  f  i 

;  n 

23 

113B,  108 

13 

24  : 

+  t| 

I3, 113C 

25 

n 

’  il3E 

14 

25 

np2 

io  ! 

113E 

26 

Ti 

;  il3F,  F5 

15 

27 

^4 
■  P 

114H  (F6)  < 

:  -  ! 

- 

: 

16 

28 

Gnd 

T '  feNcY. 

29 

30 

31 

A  probe  Ij 

BB  probe  /  for  miscellaneous  servicing 

Syne  probe J 

Use 

externally 
set  scope 
controls 

fi 

ii 

BX-l 

BX-3 

BX-5 

BX-7 

3 

5 

i  7  : 

9 

BX-2 

BX-4 

BXr-6 

BX-8 

♦There  are  24  positions  on  the  seieetor  switch. 
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APPENDIX  C 

KEY  TO  RECORDmCS  OF  SELECTED  AGO  SIGNALS  AN© 
SYMMETRY  RECOGMTION  SYSTEM  H  RESPONSES 


E  vent  Marker  Pens 

Pen  I:  Syniriietry  RecogniMon  H  events  This  pen  may  Operate  from  internal  thresh¬ 
old  decision  circuit,  or  it  may  be  externally  controlled.  The  output  is  designated  AGG-3 
when  delivered  to  i^DAS.  In  all  cases  presehted  herej  it  was  e^ernaliy  controlled  by 
the  alert  pulses  of  Q:i2-sec  length  or  greater,  as  determined  by  the  ADDASs 

Pen  2:  Symmetry  Processing  Signal^  designated  E-1  to  ADDASy  resulting  from  delay 
line  scanner  threshold  operation  being  “AN©’^  gated  mth  the  AGG^3  events  Its  purpose 
is  to  show  ADJ&AS  that  a  signal  is  being  analyzed  in  the  delay  lines 

Pen  3:  AGC-3  event  pulse  aS  reGeived  froiii  ADDAS^  where  it  is  defived  from  an 
alert  pulse  which  has  exceeded  Os  iz^sec  duration^ 

Peh,4:  PRT^l  response  delivered  to  ADDAS  Signifying  that  the  signal  peak^  occurring 
one  second  previously,  was  symmetriGai,  having  exeeeded  that  value  for  whiGh  the  SR-H 
is  adjusted. 

Pen  5:  SPAStjR  time  code  repeated  at  lO^^seG  intervals.  All  reGordings  were  taken 
at  1  hiillimeter  per  second; 

Analog  Channei  Pens 

Pen  W:  Selected  Group  AGC  provided  by  the  harrowband  System  group,  withiii  which 
the  aiert  signal  originated.  An  increasing  signal  is  in  the  negative,  or  downward^  direGtion, 

Pen  X:  Delay  Line  Output.  Signais  on  W  are  reproduced  here  two  seconds  later.  The 
dc  level  eorrector  causes  a  reference  level  shift  on  prolonged  signals  which  restores  in 
about  15  Seconds, 

Pen  Y:  Averaged  Gomparator  Output.  This  trace  measures  tiie  degree  of  symmetry 
about  the  delay  line  center. 

Pen  Z:  Differentiation  of  the  signals  appearing  on  Y  provides  the  slope -reversal  sig^ 
nal  employed  in  defining  the  center  qf  a  symmetrical  signal  and  disGriminating  against 
many  nonsatellite  signals  not  possessing  the  rapid  slope  ^reversal. 
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